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METHODOF CONTROLLINGSTIETNHSPlwPERTrEs

SOLID-CONSTRUCTIONMODELWXNG

ByNormanS.LandandFrank

OFA

T.Abbott,Lh.

A simplemethodispresentedforcontrollbgthebendingandtor-
sionalstiffnessesof a solid-constructionmodelwing. Themethodconsists -
ofweakeningthewingby drjillkngholesthroughthewingnormalto the
chordplane.Aerodynamicconttiuityismaintainedby fillhgtheholes
witha relativelysoftmaterial.Thehportantparsneterscontrollingthe
stiffnessesaretheamountofmaterialremovedby drilling,theratioof

* hole
Data
wingw

diametertowingthiclmess,andtheplan-fo~ Patt=-oftheholes.
aregivenwhichmaybe usedforpredictingthestiffnessofa model
weekenedinthismanner.

INTRODUCTION

Manytheoreticalandexperimentaltivestigationsofaeroelastic
effectsarebeingundertaken.It isreadilyapparentthat,intheexperi-
mentalinvestigateions,controloftherdagnitudeanddistributionofthe
stiffnessisveryimportant.Onemethodof controllingthestiffnessof
a mcd.elwingisto usea built-upconstruction,theinteriormetiers
furnishingmostofthestiffnessandan outercoveringfurnishingthe
exteriorformdesiredbutcontributinglittleto theoverallstiffness.
Thismethd isdifficultto usewithsmallmciielshavingthinwingsec-
tions.A completelysolidconstructionleadsto difficultiesinthe
selectlonofa suitablemat=ialbecausecontinuouslyvaryingphysical
propertiesarenotreadilyavailable.Anotherapproachtothemcdel-
designproblemisto usea solidconstructionwitha materialthatis
toostiffandobtaintheoverallstiffnessdesiredby localweakening
(grooves,slots,holes,a porousbasicmaterial,etc.).

A shortinvestigationwasmadeto determinethe~ortant parameters
andtheeffectofvariationsintheseparametersforonemethodofweak-
eninga solid-constructionmodelwingby drillingholesthroughthewing
normalto thechordplane.Thespecificpurposeoftheinvestigationwas

e to obtaininformationforuseindesigningwingsforflutterresearch
fortheLangleytransonicblow-downtunnel;however,thedataobtained

“
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maybe ofuseto othersengagedinaeroelastic-modelinvestigations.Most ● _.
ofthisinvestigationconsistedofmeasurementsofstiffnessesinbending
andtorsionobtainedonweakenedrec~ platesthatresenibledwings.
Measurementsofthefrequenciesofthelowernaturalmodeswerealso ?
made. Inasmuchasa wingwithholeswouldbe unsuitableaerodynamically,
theeffectof fillingtheseholeswithsoftmaterialinorderto overcome
thisdifficultywasinvestigated.Thedataobtainedfromtheplateswere
usedinweskeninga modelwingandthep=dictedandmeasuredresultsare

—

given.
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SYMBOLS

bendingstiffness,lb-in.2
—

torsionalstiffness,lb-in.2

naturalbendingfrequency,cps

naturaltorsionalfrequency,cps

—.

.

TESTSPECIMENS

Thegeometricalcharacteristicsoftheplatesinvolvedinthistives-
tigationarecompletelydescribedby theplatethdcknessratio,theratio
ofholediametertoplatethickness,theamountofmaterialremoved,and
theplan-formpatternoftheholes.Theplatesusedto investigatethe
effectsofthefirstthreeparametershada squarepattex’m;thatis,the
centersoftheholeswerelocatedat”cornersof squares,thesidesof
whichwereparallelto theedgesoftheplate.A fewotherpatternswith
the-sameratioofholediametertoplatethicknessandthessmeplate
thicknessratioweretried.Thebasicplatesize(adrilledarea2 inches
wide,~8 inchthick,andapproximately~ incheslong)wasusedforcon-

venienceanditswinglikeproportions(panelaspectratioof3 andthick-
nessratioof6.25percent).Theplatesweremadeofalumirnmalloy.In
ordertodetermine”theeffectofplate thiclmess ratio, a fewplateswith
othervaluesofthicknessratio(3.40 percentand9.36percent)were
tested.

Fora givenholepattern,theprimryparametergoverningthestrut.
turalcharacteristicsofanydrilledplsteisthemount ofmaterial
removed.Thisparameterhasbeenexpressednondimensionallyastheratio

—

ofminimumcross-sectionalareaofremainingmetaltotheundrilhd
?

.
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cross-sectionalarea.Forconvenience,thistermhasbeendesignated
aspercentofsolidcrosssection.Valuesofthisparsmeterrangedfrom
1.2.5percentto 100percentinthetestplates.Thepercentofsolid
areaofplanformhasbeenincludedintableI. Fouxvaluesofthe
ratioofholediametertoplatethicknesswerecovered:0.5,1.0,1.5,
and2.0. All.thesevalueswereus~ forthesquarepattern,andthe
1.5ratiowasusedforthestaggeredpattern.

Thecharacteristicsofaldthetestspecimensusedintheinvesti.
gationaregi.veatitable1. Figurel(a)showssomeoftheplatesthat
hada squarepattern,andfigurel(b)showstheplateswithstaggered
patterns.

PROCEDURE

Eachplatewasclampedlikea cantilever
inbendingandtorsionas shownh figure2.
ness EI andtheaveragetorsionalstiffness
theresultingload-deflectioncurves. “

andloadedindependently
Theaveragebendingstiff-
GJ werecalculatedfrom

3 Thenaturalfrequenciesofeachpl.ateweredeterminedforthelowest
bendingandtorsionalmodes.Inmanycases,thefrequenciesforthenext
higherties werealsomeasured.Thesefrequenciesweredeterminedly
vibrathgtheplatewithan electromagneticvibratordrivenby an oscil-
lator.Someambiguity
quenciesgiven”forthe
theplateatthetip.

maybepresentintheinterpretationofthefre-
weakenedplatesbecauseoftheundrilledareaof

RESULTSANDDISCUSSION

HolesArrangedinSqusrePatterns

.

An inspectionofthedatainfigures3 to9revealsthat,asmight
be expected,theamountofmaterialremovedisthevariablehavingthe
greatesteffectonstiffness.Thedatainffgures3 and~ alsoshow
thattherelatimshipbetweenstiffnessandmaterialremovedisnot
linear.Withintherangeofthisinvestigation,theratioofholedism-
etertoplatethicknesshasa negligibleeffectonthebendingstiffness
(fig.4);however,thisratiomayhavea largeeffectonthetorsional
stiffness(figs.5 and6). Theplatethicknessratiohadlittleorno
effectonratioof stiffnessesofdrilledplatesto thatofELsolid
plate(fig.7).(me actualtestpointsareshowninfigures6and7
as circles.)

●
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Theratioofbendingstiffnesstotorsionalstiffnessisofmuch
interestinaeroelasticstudies,andthesedataareshowninfigure8.
Theratioofholedismetertoplatethicknessis seento havea large
effectontheratioof stiffnesses.Thisratioof stiffnessesis
reflectedintheratioofmeasurednaturalfrequenciesforthelowest
bendingandtorsionalmodes(fig.9).Plate3 hadtwosizesofholes.
Thefourrowsnearestthespenwisecenterlineoftheplatehada ratio,
ofholediametertoplatethicknessof1.0. Theremainingfourrows
consistedofholes,thediameterofwhichwas1.5timestheplatethick.
ness. Theunequalholesizeshadno significanteffectonthestiffness
propertiesofthisplate.

.

●-”

.—

Inasmuchasa mcdelwingwithholesw@ld be unsuitableaerodynam-
ically,theeffectoffillingandfairingtheholeswitha relatively
softmaterialwas-investigatedwithoneplate.% holesofplate8
werefilledwithsoftsyntheticrubber,andtheplatewasredesignated
asplate10. Thismterialpresumablyhasverylowvaluesoftension
andshearstiffiessesas ccmparedwiththoseofaluminumalloy.TableI
showsthatthemeasuredstiffnessesofplates8 and10arethesame
withintheaccuracyofthesetests.However,thedensityofthisrubber
isapproximatelyMf thatofaluminumalloy.Thenaturalfrequencies

.

ofplate10arethereforeconsiderablylowerthanthoseofplate8 because
ofthe?mLssoftherubber.Sincetheeffectofthelow-stiffnessfiller
istoaddmassonly,itseffectonthenaturalfrequenciesmaybe

F

estimated.

HolesArrangedinMiscellaneousPatterns

Alltheplateswithholesarrangedina squarepatternhadundrill.ed
stripsofmetalparallelad perpendiculartotheelasticaxisofthe
plate.Oneotherplatehada holepattern(plateI-2,seefig.l(b))
resultinginsimilarlyorientedsolidmetalstrips,buttheholeswere
arrangedto formshortspanwiseslots.Theresultsobtainedfromthis
platewerenotsignificantlydifferentfromthoseobtainedfrcmthe
plateswithsquarepatterns.(Seefig.4t08. )

plates 6, 7, and9 (fig.l(b))weredrilledinpatternsthatresulted
in solidstripsofmetalatanglesto theelasticaxisotherthan0°
and90°. Figures3 to9showthatthepattern(plate9)havingthese
solidstripsat 450totheelasticaxisresultedina platewhich,fora
givenamountofmetalremoved,wasrelativelymuchstifferintorsion
thaminbendingas comparedwiththeotherplates.Plates6and7showa
similar,althoughmuchsmaller,effectbecausetheholepatternsresulted
insolidmetalstripsatanangleof26.5ototheehsticaxis. Inasmuch
astheeffectofholepatternwasnotthoroughlyinvestigated,nodefi-
nitedesigndatacanbegiven,butthepossiblelargeeffectonstiff- P
nessesandfrequenciesofholepatternisshown.

.
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ConsiderateionofSomePracticalApplications

Thedataobtainedfromtheplateswereusedto designanunswept,
tapered,alminum-alloywingwhichwouldhavea torsionalstiffness
equalto 20percentoftheundril.ledstiffness.Thisconditionlimited
therangeofbendingstiffnessfrom30percentto 42percentofthe
solid-stiffnessvalue,dependingontheholediameterselectedfora
squarepattern.Ifbendingstiffnessesbeyondthisrangeweredesired,
an investigationofdifferentholepatternswouldbe necessary.This
wingis showninfigure10 and
of0.6,a spanof16.oinches,
ratioofholediametertowing
Inasmuchas nunber-sizedri31s
metalremovednortheratioof
be maintainedexactlyat every

hasanaspectratioof4,a taperratio
-d anNACA6~w4airfoilsection.The
thicknesswasheldto a~roximately1.0.
wereused,neitherthepercentageof
holediametertoplatethicknesscould
spanwisestation.Figures11and1.2show

themeasuredstiffnessesofthesolidanddrilledwingsasa functionof
spanwisestatian.Inaddition,thesefiguresshowa predictedcurvefor
thedrilledwingwhichwasobtainedfromthemeasureddataofthesolid
whg andtheplatedataoffigures3 and5. Itwouldseem,then,that
thedataobtainedfromtheplatescanbe usedwithreasonableaccuracy
inthedesignofactualmdel @s.

Limitedflutterexperienceindicatesthata driKl_edwingpanelis
somettieslessdurablethana solidwingpanel.Presumably,thelackof
durabilityinthedrilledpanelisdueto thestressconcentrationsnear
eachhole.

Oneadditionaldifficultyhasbeenencounteredindrillingmodel
wingswhichwereconstructedofa compressedplastic-impregnatedwood.
Whenmcdelwingsconstructedof compressedplastic-impregnatedwooiwere
drilled,thewingsurfacespltiteredasthedrillpointemerged.This
difficultyresultedin stiffnessesbelowthosepredictedonthebasisof
flat-platedata. No suchtrotilewasnotedwithmetalmodels.

It shouldbe mentionedthatthestraingagesusedtomeasurebending
am.dtorsionalfrequenciesat flutteroperatedsatisfactorilyalthoughthe
gagesspannedthedrilledholes.

CONCLUDINGKEMARKS

A methodof controllingthebendingandtorsionalstiffnessesof a
solid-ccmstructionmcdelwingwasbrieflytivestigated.Themethodcon-
sistedofweakeningthewingby drillingholesthroughthewingnormal
tothechordplane.Theimportantvariablecontrollingtheproperties
oftheperforatedwingwastheamountofmetalremoved.Theeffectof
theholepatternmayalsobe verylarge.Theratioofholedismeterto
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platethicknesshasanapprectihleeffectonthetorsionalproperties
ofthedriU.edwingbutonlya smalleffectonthebendingproperties.
Platethicknessratiohadno significanteffectontheresults.The
dataobtainedfromflatplatescanbe us~ successfullyinthedesignof --
anactualmodelwing.

—..-

LangleyAeronauticalLaboratory,
NationalAdviso~CommitteeforAeronautics,

LangleyField,Va.,January6,1~~.

.
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